ABSTRACT: Glutathione (GSH) serves as a major endogenous antioxidant and its kinetics have been poorly described in the weaned pig. This study was to assess the effect of birth weight, sex, and days postweaning on the small intestine (SI) mucosal GSH kinetics. At weaning (18.8 ± 0.44 d) 34 pairs of intrauterine growth restricted (IUGR) and normal birth weight sex-matched littermates were selected and fed a starter diet ad libitum until 1 h before sampling at 0, 2, 5, 12 and 28 d postweaning. Mucosa was collected from 2 SI sites, at 5% and at 75% of total length, to determine GSH and glutathione disulfi de (GSSG), glutathione peroxidase (GSH-Px) and ma londialdehyde (MDA), and plasm GSH-Px and MDA. At both 5 and 75% of total length, the GSH-Px activity and GSH concentrations increased gradually with increasing days postweaning to peak at day 12 (P < 0.05). The GSH-Px activity and GSH concentrations at 5% of SI length were consistently higher as compared to 75% of SI length (e.g., at day 12, 43.2 and 28.9 units/mg protein and 21.5 and 15.4 μmol/g protein, respectively). The GSSG:GSH ratio at 5% of total length was 2-fold higher at day 5 compared to all other days (P < 0.05), possibly indicating that the mucosal redox balance was disturbed in that time window. The higher GSH-Px activity, GSH content, and GSSG:GSH ratio in the proximal SI might illustrate the higher need for antioxidant action at that site. Plasma MDA and GSH-Px activity followed a comparable pattern as in the small intestine.
INTRODUCTION
Numerous studies reported that weaning affects the oxidative and redox status of piglets (Robert et al., 2009) . Changes in these physiological balances have been associated with immunosuppression (Robert et al., 2009) , changes of the intestinal barrier function (Zhu et al., 2012) , and a disturbed intestinal growth (Tsunada et al., 2003) . Factors such as birth weight have been shown to affect the oxidative status in the weaned piglet (Michiels et al., 2012) . With regard to the gut, glutathione (GSH) serves as a major endogenous antioxidant. Glutathione peroxidase (GSH-Px) converts GSH to its oxidized form glutathione disulfi de (GSSG). Glutathione is predominantly in the reduced state in body cells, that is, a low oxidized to reduced glutathione (GSSG:GSH) ratio. Yet little is known about the infl uencing factors and the GSH kinetics in the weaned pig. The aim of this study was to assess the effect of birth weight, sex, and days postweaning on the oxidative status and glutathione redox ratio (GSSG:GSH) in piglets by measuring selected variables of blood and small intestine (SI).
MATERIALS AND METHODS
The experiment was carried out according to the guidelines of the Ethics Committee of Ghent University (Belgium) for the humane care and use of animals in research. Newborn piglets (Danbred hybrid × Piétrain) were weighed within 12 h after birth. At weaning (18.8 ± 0.44 d of age) 34 pairs of intrauterine growth restricted (IUGR) and normal birth weight (NBW) sex-matched littermates were selected and fed a starter ad libitum until 1 h before slaughtering at 0, 2, 5, 12 and 28 d postweaning. The starter was a commercial diet composed of cereals, wheat (Triticum aestivum) gluten, toasted soybeans (Glycine max), soybean meal, soybean oil, whey, lactose, and nutritional additives formulated according to Centraal Veevoederbureau (1997) recommendations (analyzed proximate analysis: 889 g/kg DM, 159 g/kg CP, 60 g/kg crude fat, 61 g/kg crude fi ber, and 19.6 MJ/kg calculated ME). An IUGR piglet was defi ned as having a birth weight <1 kg and less than the lower quartile of litter birth weights. A NBW piglet had a birth weight within 1 SD unit of the mean within-litter birth weight. Average birth weight for IUGR and NBW piglets was 0.88 ± 0.18 and 1.34 ± 0.24 kg, respectively. This experiment was conducted as a 2 × 2 × 5 factorial arrangement to determine the effect of birth weight, sex, and days postweaning. In total, 68 pigs were sedated by electrical stunning and, during exsanguination, blood was collected in EDTA tubes and heparinized tubes containing supplemental bathophenanthroline disulfonate sodium salt. The latter was used to prepare metaphophoric acid extracts of lysed erythrocytes. Mucosa from 2 SI segments, that is, at 5 and 75% of total length, were obtained. First, an acid extract was made by using a 10% perchloric acid solution. These extracts were used to determine GSH and GSSG by HPLC (Reed et al., 1980; Yoshida, 1996) . Second, an aqueous extract of gut mucosa was made with 0.05 M phosphate buffer (pH 7.0) with 1% triton X-100. After homogenization, an aliquot was used for protein quantifi cation according to the biuret method. Supernatants were used for the determination of GSH-Px and malondialdehyde (MDA). Assessment of GSH-Px activity in EDTA plasma and mucosa was determined spectrophotometrically (Hernandez et al., 2004) . The thiobarbituric acid reactive substances method was used to measure MDA in EDTA plasma and mucosa extracts (Grotto et al., 2007) . The ferric reducing antioxidant power (FRAP) assay was done for EDTA plasma according to Benzie and Strain (1996) . Statistical analyses were performed by using a GLM model (IBM SPSS statistics version 20) with birth weight, sex, days postweaning, and, if appropriate, intestinal site as fi xed factors and presented as adjusted means. Multiple comparisons of means was done using LSD.
RESULTS AND DISCUSSION
A tendency (P = 0.075) for IUGR piglets to show an increased plasma GSH-Px activity on each day postweaning (adjusted means are 312 and 335 units/L in NBW and IUGR piglets, respectively) was observed. In contrast, Michiels et al. (2012) found decreased plasma GSH-Px activities in fully weaned IUGR piglets (P < 0.01). These fi ndings are a possible fi rst indication that birth weight infl uences the oxidative status in piglets. Additionally, we also observed a minor signifi cant effect of sex. After weaning, distal mucosal MDA concentrations were 50% higher (P < 0.05) in barrows. Mucosal GSH-Px activities at 5% of the SI length were 20% higher in gilts (P < 0.05). Values with different superscripts within a row are signifi cantly different (P < 0.05; LSD test). 1 n = 13 to 15. 2 FRAP = ferric reducing antioxidant power. 3 MDA = malondialdehyde. 4 GSH-Px = glutathione peroxidase. 5 GSH = glutathione. 6 GSSG = glutathione disulfi de. 7 SI = small intestine. 8 Values at 5 and 75% of SI length are signifi cantly different for the same parameter (P < 0.05; LSD test).
After weaning, the oxidative status and the glutathione redox system were substantially altered (Table 1) . Plasma MDA concentrations declined (P < 0.01) until day 12 and remained signifi cantly lower at day 28 as compared to day 0. On the other hand, plasma FRAP values (P < 0.01) and GSH-Px activity in plasma were increased transiently (P < 0.01). Furthermore, on day 2 after weaning, GSH concentrations in erythrocytes showed a signifi cant drop after which they increased by more than 2-fold at day 28 (P < 0.001). These fi ndings might result from a restricted feed intake or stress associated with weaning and support other studies (Cho et al., 1981; Pirsljin et al., 2006) . A defi ciency of cysteine, the most limiting AA needed for glutathione synthesis, is suggested as a cause (Malmezat et al., 2000) . With regard to gut mucosa, MDA was only affected (P = 0.041) at 75% of SI length; after weaning it decreased sharply until day 5. Glutathione peroxidase activities were increased from day 0 to day 12 but decreased on day 28 at both 5 and 75% of the total SI (P < 0.001 and P = 0.027, respectively) ( Table 1) . This was also observed by others (Robert et al., 2009) . Also, the GSH concentration at 5 and 75% of the SI increased as days postweaning increased (P < 0.001 and P = 0.001, respectively). On the other hand, the GSSG:GSH ratio at 5% of total length was 2-fold higher at day 5 compared to all other postweaning days (P < 0.05), possibly indicating that the mucosal redox balance was most disturbed in that time window. This is thought to be the result of a depletion of precursors, which already could be observed in erythrocytes for day 2 on. The severe increase in the GSSG:GSH ratio in the proximal SI in addition to the higher GSH-Px activity and GSH content as compared to the distal SI might illustrate a higher need for antioxidant action at this SI site. Unlike sex and birth weight, days postweaning and SI site had major effects on the oxidative and redox status.
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